Jacek

Los Alamos

Phys. Rev. A 62,




® Microscopic superpositio:

v Cavity QED: 2 photons (M. Brune

v Ion traps: 4 ions (C. Myatt et al, Na |

® Macroscopic superpositions:

v Rf-SQUIDS: 10’ Cooper pairs (J. Friedman
Nature 406, 43

What about Bose—Einstein condensates?



BEC in a snapshot

m Weakly interacting bosons at 7<7. show a
macroscopic occupation of the ground state:
quantum degeneracy (Bose—Einstein 1925)
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m BEC achieved experimentally in 1995 in dilute
atomic vapors (Rb, Na, Li, H)

m Breakthroughs: mixtures, atom lasers, vorteces

m Theoretical description: Gross—Pitaeskii equation



BEC Schroedinger Cats

Proposals: J. Cirac ef al, PRA 57, 1208 (1998)
D. Gordon et al, PRA 59, 4623 (1998)
J. Ruostekoski, cond—mat/0005469

v Two BECs of atoms 1n different internal states (A and
B) + Josephson coupling A

H. = ¢,(a’a + b'd) + %(aTaTaa + b'b0b) + v (aTblab) — A(a'd + b'a)

v Interspecies two—body collisions stronger than
intraspecies collisions (y>y)— phase separation
(1mmiscibility)

v "Purity" condition: (N(U_u))N <1

Lowest energy subspace contains two macroscopic
quantum superpositions

&) = Z[IV, 0) £ [0, V)]

S

Preparation: start with all atoms in state A, apply Josephson
coupling for some appropriate time, then turn it off. The
final state 1s a Schroedinger cat.
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Decoherence due t o ‘

Hyy = YJeu(ala, + bib,)

After the transformation
N as + bs
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The environment Hamiltonian becc
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System-bath interactions

m Two—body inelastic collisions. They are O(z?), where
z = exp(Bp) 18 the fugacity.

m Two—-body elastic collisions. They are O(z) . For small
fugacity (when the gap between condensate and non—
condensate single—particle levels 1s bigger than kg7 )

these diagrams dominate. Also they give the leading
O(N?) contribution to the decoherence rate.
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DFS in BEC

When 2 > k8T, the antisymmetric environmental states O, are
nearly empty. Only the symmetric ones S; are occupied.
These states don’t distinguish between A and B.

Collisions involving symmetric thermal states
=p don’t destroy the quantum phase coherence of
the Schroedinger cat

[V, Pian,0)+8l0,ny] = 0

Any superposition a|N,0) + 8]0, N) 1S an eigenstate
of the interaction Hamiltonian, and will retain its phase
coherence 1

Decoherence—free pointer

subspace, aka DFS
But ...

When antisymmetric states begin to be occupied, states
in the DFS will decohere.



Where p21s the main factor whic \
rate large. It is the distance squared
different components

The factor in brackets is a scattering r
atom on a non—condensate atom — the very prox

the environment learns about the quantum
condensate.

T = 1uK, w = 50Hz, @ = 5nm, vy = 10~ ?m/s, V =

tdec ~ 10%sec/(NgN?)

For N = 10% and Ny = 10, we get tgec ~ 10 2sec



Trap enginee
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We propose the following scenario, which is &
of present day experimental technique

v Start with the usual magnetic trap and superimpose
optical trap to form the dip. Typical value for the fugac

T=1K is z=exp(-15) (S.Stamper—Kurn ef al, P
81, 2194 (1998)).

v Open the big trap and let the non—condensed atoms
disperse away (S.Stamper—Kurn et al, PRL 80, 2027 ( 1998)) |
After this, there may still be aband AE of bound states at
the "mouth" of the dip that could still be harmful.

v Apply the Josephson—like coupling » . Typical value is
»=1kHz (D.Hall et al, PRL 81, 1539 (1998)).

AE «2)\ Perfect "symmetrization" limit

After symmetrization, the decoherence rate reads

NO
the > 1677 (47ra27EvT> N?

Where N is the final number of atoms in the antisymmetric states.
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Other sources of
decoherence

m Ambient magnetic fields (when A and B have
different magnetic moments). Use £ M) =[21,11,-1)  states

of ¥Rb (E.Cornell et al, J.Low Temp.Phys. 113, 151
(1998)).

m Different scattering lengths (typically 1%).

Symmetrization can improve decoherence time in two
orders of magnitude.

(W.Ketterle et al, con—mat/9904034).

m Three—body decay. BECs have finite lifetimes due to
collisions between three particles. For ¥ = 10*one atom
1s lost per second. Increasing the dip radius may
decrease decoherence rate (loss rate scales as density

squared) (D. Stamper—Kurn et al, PRL 81, 2194
(1998)).



